Background: Several case-control studies have examined the association between intake of selected macronutrients and stomach cancer, with inconsistent results regarding total energy, proteins, carbohydrates and fats.
introduction
In Europe, stomach cancer is the seventh and tenth most common cancer among men and women, respectively (age-standardized incidence rates 14.6/100 000 men and 6.9/100 000 women, world standard population) [1] . In Italy, rates are higher in both sexes (18.5/100 000 men and 9.1/100 000 women).
Besides Helicobacter pylori infection, tobacco smoking, obesity, unfavorable socioeconomic conditions and family history of stomach cancer also increase the risk of gastric cancer [2, 3] . More important, several aspects of diet, such as poor food preservation, salt consumption and a diet poor in fresh fruits and vegetables, appear to increase gastric cancer risk [4, 5] .
Several case-control studies have examined the association between intake of selected macronutrients and stomach cancer risk [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . A direct association was reported for total energy intake in five [6, 8, 9, 14, 15] of seven studies [6-9, 11, 14, 15] . With respect to proteins, six studies [7-9, 12, 15, 16] found an inverse association with stomach cancer risk, five studies [10, 11, 13, 14, 17] observed a direct association and another study [6] found no association. Similarly, carbohydrates have been directly associated with stomach cancer risk in six studies [7-9, 12, 14, 17] , but inversely in four studies [6, 11, 15, 16] and not associated in other two studies [10, 13] . Six studies [6, 10, [14] [15] [16] [17] suggested an increased risk of gastric cancer with a high intake of total fats, but other four studies [7] [8] [9] 12] suggested an inverse one, and other two studies [11, 13] found no relation. Furthermore, a diet rich in vegetable proteins [9, 11] , sugars [13] and polyunsaturated fatty acids [10] [11] [12] [13] [14] and poor in starch [11, 13] and saturated fatty acids [6, 10, 11, 14, 16] may decrease the risk of stomach cancer.
In order to provide further insight into the association between stomach cancer risk and intake of total energy, various macronutrients and fatty acids, we analyzed data from a case-control study conducted in northern Italy, where diet was assessed with an extensive and validated food frequency questionnaire (FFQ) [18, 19] .
materials and methods
The data were derived from a case-control study of stomach cancer conducted from 1997 to 2007 in the province of Milan, Italy [20] A FFQ was used to assess the patients' usual diet during the 2 years before diagnosis (for cases) or hospital admission (for controls). The questionnaire included 78 foods, food groups as well as a range of recipies divided into six sections: (i) bread, cereals, first courses; (ii) second courses (i.e. meat, fish and other main dishes); (iii) side dishes (i.e. vegetables); (iv) fruit; (v) sweets, desserts and soft drinks and (vi) milk, hot beverages and sweeteners. At the end of each section, one or two open questions were used to include other foods eaten at least once per week. The intake of total energy, macronutrients, fatty acids and cholesterol was computed using an Italian Food Composition Database [21, 22] . The FFQ was reproducible and satisfactorily valid [18, 19] .
Odds ratios (ORs) of stomach cancer and the corresponding 95% confidence intervals (CIs) were estimated using conditional multiple logistic regression models [23] , conditioned on age and sex and adjusted for year of interview, education, physical activity, body mass index (BMI), tobacco smoking, family history of stomach cancer and total energy intake. To control for energy intake, the residuals of the linear regression of nutrients on energy were computed [24] . We computed the tertiles of energy-adjusted nutrient intake on the distribution of controls. When nutrients were entered in the models as continuous terms, the unit was set to one standard deviation of the distribution of controls. Tests for trend were based on the likelihood ratio test between the models with and without a linear term. To test for interactions, the differences in 22 · log(likelihood) of the models with and without an interaction term were compared with the v 2 distribution with one degree of freedom.
results Table 1 shows the distribution of 230 cases of stomach cancer and 547 controls according to the matching variables (sex and age) and other selected variables. By design, the proportion of women was higher in controls than in cases, and cases and controls had equal distribution of age. No clear association was found with education and BMI. The proportion of current and ex-smokers was higher in cases than in controls. Table 2 gives the mean daily intake of total energy, various macronutrients, fatty acids and cholesterol and the corresponding ORs of stomach cancer, according to tertile of intake and in continuous. A significant increased risk of stomach cancer was observed with increasing total energy intake (OR = 1.79, 95% CI 1.16-2.76 for the highest tertile as compared with the lowest one, P for trend = 0.01). Stomach cancer risk was inversely related to intake of vegetable fats (OR = 0.65, 95% CI 0.43-0.98, P for trend = 0.06) and polyunsaturated fatty acids (OR = 0.66, 95% CI 0.44-0.97, P for trend = 0.03), including in particular linoleic acid (OR = 0.67, 95% CI 0.45-1.00, P for trend = 0.05). No significant association was found for total proteins (OR = The relation between vegetable fats, polyunsaturated fatty acids and linoleic acid was further examined in Table 3 in strata of various covariates. No substantial heterogeneity was observed in separate strata of sex, age (<65 and ‡65 years), education (<7 and ‡7 years), BMI (<25 and ‡25 kg/m 2 ), tobacco smoking (never smokers or ex-smokers and smokers) and total energy intake (<2312.73 and ‡2312.73 kcal).
discussion
This case-control study showed an increased risk of gastric cancer with a high intake of total energy. Although total fats The sum does not add up to the total because of some missing values.
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were not significantly associated to stomach cancer risk, vegetable fats and polyunsaturated fatty acids (including in particular linoleic acid) were inversely related to gastric cancer risk. No significant association emerged for other macronutrients, such as other fats and fatty acids, proteins, carbohydrates and cholesterol. A direct association between total energy intake and the risk of stomach cancer was observed in a few other studies [6, 8, 9, 14, 15] . High energy intake causes obesity, which, in turn, is a possible risk factor for stomach cancer, particularly for gastric cardia [2] . In this study, however, there was no association with overweight and obesity (also in the distant past). Thus, the association with energy intake is probably spurious. In any case, careful allowance for energy intake was made in the analysis of macronutrients and fatty acids.
In our study, fats from vegetables were inversely associated, while total fats or fats from animal sources were unrelated to stomach cancer. Among fatty acids, polyunsaturated fatty acids and in particular linoleic acid and, although not significantly, monounsaturated fatty acids were inversely related to risk, while saturated fatty acids were not associated with stomach cancer risk. Previous studies have shown inverse associations between vegetable fats [9, 13] , polyunsaturated fatty acids [10] [11] [12] [13] [14] and linoleic acid [8, 13] and stomach cancer risk. In this Italian population, polyunsaturated fatty acids derived mainly from olive oil and other specific seed oils used to cook and preserve foods [25] .
The strengths of this study include the collection of extensive dietary information using a validated FFQ, the comparable catchment areas of study subjects and the almost complete participation for both cases and controls (>95%). Our case series is representative of incident cases in Milan in terms of age distribution (median age 63 versus 65 years in Milan, truncated at age 80 years) [1] . More than 50% of gastric cancer cases die within 1 year after diagnosis [26] , but in our study 90% of cases were interviewed in the 3 months after diagnosis. Thus, survival bias, i.e. overrepresentation of cases with better survival, is limited. A limitation of our investigation is given by the lack of information on H. pylori. This is a problem inherent to most retrospective investigations, since blood samples obtained at diagnosis of stomach cancer do not validly determine past exposure to H. pylori [2] . Although H. pylori is the single strongest risk factor for gastric cancer, dietary factors, are also important and constitute the main determinants of gastric cancer in populations with high frequency of H. pylori infection [27] . In a previous Italian case-control study [28] , the population-attributable risk was 73% for a diet poor in fruit and vegetable and rich in traditional foods (pasta, rice and original article Annals of Oncology polenta). In addition, some recall bias is also possible [23] , since a recent cancer diagnosis may influence recall of diet for the cases. However, we asked dietary habits before cancer diagnosis. Moreover, awareness of dietary hypotheses in cancer etiology was limited in the population studied, and the comparability of dietary history between cases and controls was improved by interviewing subjects in the same hospital settings. Dietary habits of hospital controls could be different from those of the general population and could be associated with the cause of hospital admission, but we paid great attention to select controls admitted for conditions not related to long-term diet modifications.
In conclusion, our study indicates that total energy intake is directly associated to stomach cancer. An inverse association was found for vegetable fats, polyunsaturated fatty acids and linoleic acids. This underlines the importance of some aspects of diet and consequently the potential for prevention through dietary changes in stomach cancer. Estimates from conditional logistic regression models, conditioned on age and sex, adjusted for year of interview, education, physical activity, body mass index, tobacco smoking, family history of stomach cancer and total energy intake, according to the residual model. b ORs for a difference in intake equal to one standard deviation of the distribution of controls. c Including never smokers and ex-smokers.
OR, odds ratio; CI, confidence interval.
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